We present a far-UV (FUV) and near-UV (NUV) imaging study of recent star formation in the nearby spiral galaxy NGC 2336 using the Ultraviolet Imaging Telescope (UVIT). NGC 2336 is nearly face-on in morphology and has a multi-armed, branching spiral structure which is associated with star forming regions distributed mainly along the spiral arms and the co-rotation ring around the bar. We have identified 72 star forming knots in the disk, of which only two are in the inter-arm regions and 6 in the co-rotation ring. We have tabulated their positions and estimated their luminosities, sizes, star formation rates, colors, ages and masses. The ages and masses of these star forming knots were estimated using the Starburst99 stellar evolutionary synthesis models. The star forming knots have FUV and NUV mean sizes of 485 pc and 408 pc respectively and mean stellar masses of 9.8 ×10 5 M that range from 5.6 ×10 5 to 1.1 ×10 6 M . Their star formation rates vary from 6.9 ×10 −4 to 2.2 ×10 −2 M /yr in NUV and from 4.5 ×10 −4 to 1.8 ×10 −2 M /yr in FUV. The FUV-NUV colour of the knots is found to be bluest in the central region and becomes progressively redder as the radius increases. Our results suggest that star formation in disks with spiral structure is driven by the spiral density wave and is best traced by UV imaging as it encompasses clusters spanning a wide range of star forming ages and stellar masses.
INTRODUCTION
Star formation is one of the most important processes governing the formation and evolution of galaxies across cosmic time (Kennicutt & Evans 2012) . The distribution of starforming regions in galaxy disks and their association with large-scale structures such as spiral arms and bars can reveal how star formation is triggered in galaxies (Bastian et al. 2012; Adamo et al. 2017; Chandar et al. 2017) as well as how the star clusters evolve over time (Adamo et al. 2015) . The distribution of star-forming regions over spiral arms is an important way to probe the spiral structure and the spurs associated with it (Kim & Ostriker 2002; Shetty & Ostriker 2006) . A good example is the grand design spiral M51 that has knots of star formation associated with the arms (Vogel et al. 1988; Marston et al. 1993; Calzetti et al. 2005; Miralles-Caballero et al. 2011; Gutiérrez et al. 2011) . Bars, circumnuclear rings, and corotation rings are also important sites of star formation that are associated with global instabilities in galaxy disks (Sheth et al. 2002) .
Star formation in galaxies is measured using the star E-mail: 7rehanrenzin@gmail.com formation rate (SFR) or the mass of stars formed per unit year. Searle et al. (1973) and Tinsley (1968 Tinsley ( , 1972 derived quantitative expressions for SFR from evolutionary synthesis models of galaxies and this led to the first prediction of the evolution of SFR with the cosmic look back time (Madau et al. 1996 (Madau et al. , 1998 Blain et al. 1999) . With the development of more precise and direct SFR diagnostics, there are now several different star formation tracers covering a wide range of wavelengths that can be used to estimate the SFR of galaxies. The Hα and Ultraviolet (UV) luminosity of galaxies are the most commonly used tracers of massive star formation. Hα traces the most massive O type and early type B stars of mass greater than 17M and measures recent star formation which is only a few million years old. The UV emission traces older stars that have ages from a few million years to 10 8 yrs (Lee et al. 2009; Donas & Deharveng 1984; Schmitt et al. 2006) , as well as massive A and B-type stars (M ≥ 3M ). We can also use indirect tracers such as the X-ray continuum (Ranalli et al. 2003; Symeonidis et al. 2011) , nebular recombination lines (mainly the HII and OII lines) (Cohen & Davies 1976; Kennicutt Jr 1983; Kewley et al. 2004) , infrared continuum fluxes (Harper Jr & Low 1973; Rieke 1978; Telesco & Harper 1980; Roussel et al. 2001; Kennicutt et al. 2007; Boquien et al. 2010) , the radio continuum (Yun et al. 2001; Murphy et al. 2011) , and near-infrared polycyclic aromatic hydrocarbon (PAH) luminosity (Roussel et al. 2001; Calzetti et al. 2007 ). The study of individual extragalactic H II regions in nearby galaxies is important to determine the current SFRs, spatial distributions and elemental abundances (Zaritsky et al. 1994; Roy et al. 1996; van Zee et al. 1998; Dutil & Roy 1999; Kennicutt Jr et al. 2003; Bresolin et al. 2005 Bresolin et al. , 2009 . The UV flux is one of the best tracers of the current star formation in galaxies (Kennicutt Jr 1998) provided there is only limited dust present in the system, as dust can produce significant obscuration (Calzetti 2001; Salim et al. 2005; Burgarella et al. 2005; Overzier et al. 2010) . The far-UV (FUV) region is an ideal window to detect and study the massive, hot young stars like O, B type stars, blue horizontal branch stars and white dwarfs (WDs) (Thilker et al. 2007 ). They are the principal locations for the synthesis of heavy elements (Kinman et al. 2007; Bianchi 2011) . The near-UV (NUV) emission traces the less massive stars such as A-type stars, which are more common. Hence, NUV emission generally has a larger spatial extent compared to FUV (Boissier et al. 2008; Carter et al. 2011) . The spatial distribution of FUV and NUV emission is, therefore, a good indicator of the different types of star formation in galaxy disks and its effect on galaxy evolution (Calzetti et al. 2015) .
The UV emission in galaxies can also arise from active galactic nuclear (AGN) activity. The UV emission from the AGN is an important component of the UV luminosity from spiral galaxies (Makishima et al. 1994; Colina et al. 1997) . Most of the AGN UV flux is emitted from the accretion disc but some may be associated with radio jets (Kollatschny & Ting-Gui 2006) . The UV emission may also be due to nuclear star formation and jet-induced star formation (Shastri 2007) . Hence UV imaging surveys are important to understand the connection between AGN activity and starforming galaxies (Heckman et al. 2005) .
It is difficult to resolve individual stars and starforming regions in distant galaxies. Only very nearby bright galaxies provide the opportunity to study star-forming regions in detail. In this paper, we have used the recently launched Ultraviolet Imaging Telescope (UVIT) instrument (Kumar et al. 2012; Tandon et al. 2017) on-board the AstroSat multi-wavelength mission (Agrawal 2006; Singh et al. 2014; Agrawal 2017) to do a deep study of the star-forming regions in the nearby spiral galaxy NGC 2336. Our aim is to characterize the spatially resolved star-forming knots in the disk of this galaxy, determine their SFRs and study their properties. The UVIT has a high angular resolution of 1 , as compared to the previous dedicated UV survey mission GALEX, which has an angular resolution of 4.3 -5.3 Morrissey et al. (2007) . Thus UVIT is ideal for studying star-forming regions in very nearby face-on galaxies, where it can resolve large star clusters associated with the spiral arms. High angular resolution and multiple filters in the UV waveband are the unique features of UVIT compared to GALEX.
The paper is organized as follows: section 2 gives a description of the sample galaxy, section 3 describes the observations and the data reduction. The results and discussion are presented in section 4. A summary of our conclusions is given in section 5.
THE GALAXY-NGC 2336
NGC 2336 (UGC 3809) is a barred ringed spiral galaxy, located in the constellation Camelopardalis (Table 1) . The optical and UV images of NGC 2336 clearly show that it is close to face-on and has a multi-armed spiral structure (Figure 1) . It has the Hubble classification of SAB(r)bc type. It is one of the few galaxies that is thought to strongly resemble our Milky way galaxy (Efremov 2011) . At a distance of 32.2 Mpc, the galaxy scale length is 156pc/arcsecond, which is small enough to be able to resolve the star-forming regions in the disk as well as trace morphological features such as bars, rings, and spiral arms. NGC2336 is part of a non-interacting pair with the galaxy IC 0467, which is at a distance of 20 or ∼187 kpc(Van Moorsel 1983) and does not appear to influence the structure and kinematics of the galaxy (Schneider & Salpeter 1992; Keel 1993) .
NGC 2336 is a bright galaxy and has prominent star forming regions associated with its spiral arms. The multiarm and branched spiral structure is the most striking morphological feature of this galaxy. Young stars, gas, and dust make up the star forming regions along the arms (Gusev & Park 2003) . The disk has six well developed spiral arms arising from the ring around the small bar (Boroson 1981; Biviano et al. 1991) . There are four spiral arms in the northern and western regions, a bright arm in the southern region and a faint arm in the eastern part of the galaxy (Gusev & Park 2003) .
The galaxy has a very small, star-like nucleus that is ∼0.8 kpc in size. Since no strong nuclear emission has been detected in either the optical (Heckman 1980; Tifft 1982) , IR (Quillen et al. 2001) or radio (Heckman 1980; Hummel et al. 1985; Niklas et al. 1995) wavelengths, the nucleus of this galaxy is classified as non-active. There is a prominent bulge of radius 12 or 1.8 kpc, that has an ellipticity of 0.2 and position angle (PA) of 172 • (Gusev & Park 2003) .
The contribution from the bulge to the galaxy luminosity in B and R bands is 5-6% (Boroson 1981; Grosbol 1985) and 21% in the J band (Wilke et al. 1999) . There is a short, weak bar with an apparent length scale of 24 and deprojected size of 37.5 or 5.9 kpc. The surface brightness of the bar is 21.4 mag arsec −2 in B band and 20.6 mag arsec −2 in V band (Gusev & Park 2003) . The bar has a PA of 117 • in the V, R and I bands. It has an ellipticity of 0.33 in the U, B, V and R bands. The bar is surrounded by a co-rotation ring of radius 34.1 or 5.3 kpc and a mean surface brightness of 21.8 mag arsec 2 in B band (Gusev & Park 2003) . The bar contributes about 14% of the luminosity of the galaxy in J band (Wilke et al. 1999) .
The total mass of NGC 2336 within a 4 .1 radius is 4.1 × 10 11 M (Van Moorsel 1983). However, Wilke (2001) constructed a kinematical and dynamical 2D model of NGC 2336 by fitting a disk, a bulge, and a bar to the observed surface brightness distribution and derived its physical parameters; they estimated the total mass of NGC 2336 is 1.2 × 10 11 M . They found the bulge mass is 1.2 × 10 10 M , disc mass is 9.63×10 10 M and the bar mass is 1.13×10 10 M . NGC 2336 is a gas-rich galaxy and has an HI mass of 4.57 × 10 10 M (Wunderlich & Klein 1991; Young et al. 1996; Martin 1998) , molecular gas (H 2 ) mass of 1.82 × 10 10 M Young et al. (1996) . The dust mass is 2.14 × 10 6 M Young et al. (1996) . The HI in this galaxy has been mapped in many surveys (Shostak 1978; Dickel et al. 1978; Rots 1980 ). The HI map shows a lack of neutral hydrogen in the central parts of this galaxy (Van Moorsel 1983).
There are HII regions giving rise to Hα emission all along the spiral arms (Garrido et al. 2004) . It has high Hα luminosity of 7.41×10 8 L (Young et al. 1996) and the FIR luminosity is 3.09×10 10 L . NGC 2336 has been observed in the optical (Boroson 1981; Blackman & van Moorsel 1984; Grosbol 1985; Héraudeau & Simien 1996; Baggett et al. 1998; Gusev & Park 2003; Gusev et al. 2012 Gusev et al. , 2016b , infrared (Aaronson et al. 1982; Wunderlich & Klein 1991; Keel 1993; Van Driel et al. 1993; Wilke et al. 1999; Font et al. 2017 ) and radio (Heckman 1980; Aaronson et al. 1982; Van Moorsel 1983; Young et al. 1995; Niklas et al. 1995) . For this study, we use the prominent UV emission from the disk to study star forming regions along the spiral arms and the corotation ring in detail.
UVIT OBSERVATIONS AND DATA
The AstroSat mission was launched on 28 September, 2015 into a low Earth orbit (650 km, 6 • inclination) using the Polar Satellite Launch Vehicle (PSLV). There are 5 payloads on the satellite with spectral coverage from the hard X-ray (0.5 -100 keV) to the optical (Singh et al. 2014 ). We will focus on data from the Ultraviolet Imaging Telescope (UVIT) (Kumar et al. 2012) . The UVIT consists of two 35-cm Ritchey-Chrètien telescopes with one channel dedicated to the far ultraviolet (FUV: 1250 -1830Å) and the other split between the near ultraviolet (NUV: 1900 -3040Å) and the visible (VIS: 3040 -5500Å) through the use of a dichroic beam splitter. The three detectors, one for each channel, are identical except for different photo-cathodes feeding an intensified micro channel plate (MCP) detector with a 512×512 pixel CMOS readout at 29 frames per second. The individual photon hits are recorded in each frame, centroided on-board to 1 8 of a pixel and stored and transmitted to the ground. The raw spacecraft data are processed by the Indian Space Science Data Centre (ISSDC) and the Level 1 data, for each instrument, are provided to the users. Figure 2. Effective area of the filters of FUV and NUV channels used in this study with GALEX filters.
The observations of NGC 2336 were done over 23 orbits early in the performance and verification (PV) phase of UVIT. Each orbit consisted of simultaneous observations in the three channels (FUV, NUV, and VIS) through different filters for each channel with total effective exposure times given in Table 2 . Note that this is less than the actual time on target because some part of the exposure was lost to cosmic rays, which resulted in a huge burst of Cerenkov radiation ruining the entire frame. As this observation was taken early in the mission, there were also issues with the spacecraft guidance and with the telemetry and software which resulted in the loss of more frames.
The FUV observations were made with four crystalline filters and the NUV with three narrow-band interference filters and one broad-band crystalline filter with effective areas shown in Figure 2 . We have shown the effective areas for the FUV and NUV detectors on the Galaxy Evolution Explorer (GALEX) for comparison. The VIS channel is intended primarily for spacecraft tracking and is, generally, not recommended for scientific analysis.
We have used the JUDE pipeline (Murthy et al. 2016; Murthy et al. 2017) to reduce the Level 1 data from the ISSDC into Level 2 photon lists and images for scientific analysis. The astrometric correction for the images is done using Astrometry.net (Lang et al. 2010 ) following which we placed all the data on the same coordinate reference frame and co-added those data with the same filter ( Table 2) . The photometric calibration is taken from Rahna et al. (2017) .
RESULTS AND DISCUSSIONS

Overview
We have observations of NGC 2336 in 8 filters with UVIT and these are shown in Figure 3 and Figure 4 . The spiral structure of this galaxy is clearly discernible in the UV due to the presence of hot young stars. They are clustered in the knots of star formation along the spiral arms. The galaxy appears to be near face-on (Wilke et al. 1999) making it easy to trace the distribution of star formation in the galaxy.
The galaxy NGC 2336 has a well defined multi-armed spiral structure ( Figure 5 ). These multi-arms are formed due to the global instabilities in the disc of the galaxy (Goldreich & Lynden-Bell 1965; Shu 2016) which drives the formation of star clusters by gas compression and shocks. Although the position of the spiral arms in both the FUV and NUV images are the same, the arms are thicker in the NUV images in the outer disk regions. The branching of the spiral structure is due to ultra harmonic resonances (1:4) in the spiral density wave (Shu et al. 1973) . Surprisingly, the spiral arms do not originate from the ends of the bar, instead, they appear to originate from the co-rotation ring around the bar. We find that there are 3 major arms originating from the central nuclear ring. These major arms branch to the north and south, with more branching in the southern half. There are 9 minor branches originating from the southern major arm and 7 from one of the northern arms. The other northern major arm is small and has no branches. We calculated the total integrated FUV and NUV flux of this galaxy in each of the 8 filters by taking an elliptical region around the galaxy and determining the total flux and surface brightness (Table 3 ).
The fluxes are measured by employing UVIT counts to flux conversions from Rahna et al. (2017) and errors were assessed by adding Poisson photon statistics. We corrected the measured flux for extinction by assuming a local Milky Way-like extinction curve using Calzetti et al. (2000) . The value of A UV /E(B−V) is taken from Bianchi (2011) which they calculated from the typical extinction curve for MW from Cardelli et al. (1989) . We applied this correction for all measured fluxes in this paper.
Comparison with other wave-band images
We have plotted contour maps of the UVIT-UV images of NGC 2336 on archival optical, Hα, and NIR images in Figures 6 to 7. The overlay of UVIT NUV and FUV contours on the R band image ( Figure 6 ) shows that the distribution of spiral arms in both images are same, but the nucleus, bulge, and bar are not clearly visible in UV. This is not surprising as the near IR emission is due to the presence of old stars in these regions. The star forming knots are clearly seen in UV images but not seen in the visual image. The nucleus in the UV image is not as bright in the optical image.
The morphological comparison between UVIT images and Hα images shows several similar features in this galaxy. The ring around the bar is clearly identified in the UV images and also outlined in the Hα images ( Figure 7 ). Although, UV emission traces more evolved stars than Hα, there is a direct correlation between the spiral features in the UV and Hα images.
The morphological comparison of the 2MASS K band image with UVIT images are shown in Figure 8 . The spiral arms are not clearly seen in 2MASS K image. The bar is clearly seen in the K band indicating that the bar is composed of an older stellar population compared to the UV bright the spiral arms ( Figure 9 ). However, there is no significant UV emission associated with bar ends. This suggests that the bar is not driving the disk star formation. Rather, it is driven by the multi-armed spiral structure.
We also compared UVIT images with GALEX images. The GALEX FOV is circular with a 1.2 • diameter. It has two channels FUV and NUV with an image resolution of 4.3 and 5.3 respectively. The higher resolution of UVIT images reveals a clearer picture of multi armed spiral structure and the star forming regions associated with it compared to those obtained from GALEX ( Figures 10 and 11 ).
Identification of star-forming knots over the disk
Many spiral galaxies have bright knots along their spiral arms indicating that they are very young stellar clusters and their formation is triggered by a front associated with a density wave (Nikola et al. 2001) . These knots are star formation complexes containing multiple star clusters, rich in gas and dust (e.g. Elmegreen 2006; Peterson et al. 2009; Smith et al. 2014) . The typical size of these clusters is ≤ 5 pc, ages ranging from 1 to 10 Myr and luminosity functions can be fitted with power laws with exponents of approximately -2 (Whitmore 2003) . Several studies have reported that very bright, young, star-forming regions are viable precursors of globular clusters (e.g. Whitmore et al. 1993; Schweizer et al. 1996) . A detailed study of such young stellar clusters can be used to study their star formation history and understand how density waves trigger the formation of massive stellar clusters (Grosbøl & Dottori 2006) . Based on the integrated fluxes and colors, UV knots have ages in the range of 0 -200 Myr (Thilker et al. 2005; De Paz et al. 2007; Dong et al. 2008) . NGC 2336 has numerous well developed, branching spiral arms and well-defined star-forming knots in the spiral arms. We have investigated the distribution of the knots of star formation over the disk of this spiral galaxy using those broadband filters with the best signal-to-noise ratio (NUVSilica and FUV-BaF2).
We used an automated routine, the IDL (Interactive Data Language 1 ) library routine find.pro (adapted from DAOPHOT: Stetson (1987) ) with FWHM of 1.2 pixels and sharplo, sharphi, roundlo, and roundhi set at values of 0.1, 1.2, -0.2 and 2.0 respectively. This will allow the routine to pick slightly extended or/and elongated knots as recommended by Smith et al. (2016) . After removing duplicates and checking the individual profiles for consistency, we identified 78 knots in the NUV and 57 knots in the FUV images ( Figure 12) . Some of the NUV knots are not visible in FUV (Table A1 ). The distribution of these knots shows that they are clearly linked to the spiral arms as nearly all of them are associated with the spiral arms. The knots are concentrated more in the southern part of NGC 2336. We grouped these knots into loose knots and tight knots based on their radial profile. Among 78 knots, 30 knots are loose clusters and 48 knots are tight clusters.
We classified the knots into three basic groups: knots in the disk of the galaxy, knots in the co-rotation ring and knots in the galactic nuclei. We have identified 72 knots in the disk and 6 knots in the co-rotation ring in the NUV Figure 6 . Overlay of UV images on DSS2R band image. Contour map of NUV in Silica filter at the top and FUV image in BaF2 filter at the bottom. The contour levels of NUV emission are taken as 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 100% of the peak value of the count rate and contour levels of FUV emission are taken as 1%, 2%, 3%, 4%, 5%, 10%, 20%, 40%, 60%, 80% and 100% of the peak value of the count rate. image. In FUV there are 54 knots in the disk and 3 knots in the co-rotation ring. Most of the knots are distributed over the spiral arms of the disk. Only 2 knots are in the inter arm region.
We performed aperture photometry of the knots and found that the luminosity is higher in the FUV, indicating recent star formation in the spiral arms (Table A1) . We estimated the SFR of the knots using the relation from Calzetti et al. (2013) :
where C is a constant, L UV is the luminosity of UV and λ UV is the wavelength of UV. The value of C is 3 ×10 −47 for FUV and 4.2 ×10 −47 for NUV. Figure 13 shows the histogram of the SFR of the knots in the FUV and NUV bands. The distribution shows a broadly peaked FUV and a sharp peak in the NUV. The average SFR of the complete sample of star forming knots is 4.7 ×10 −3 M /yr in NUV and 4.1 ×10 −3 M /yr in FUV. The knot with the highest SFR is located in the northern arm at a distance of 11.6 kpc from the galaxy center(id no. 63).
The size of each knot is determined from the FWHMs of the knots by fitting Gaussians to the knots (Figure 14) . Figures 15 shows the size distribution of the knots, which is peaked at 425.9 pc in FUV and 344.8 pc in NUV. Most of the knots have an FWHM of approximately 300 to 450 parsecs. Our results agree with the results obtained by Gusev & Park (2003) . The median size of the loose clusters in NUV is 469.6 pc and in FUV is 510.1 pc. The median size of the tight clusters in NUV is 355.7 pc and in FUV is 425.9 pc. The largest star forming knot in NUV (id no. 40) is associated with the northern major spiral arm and is at a distance of 12.6 kpc from the center in the southern part of galaxy. The largest star forming knot in FUV (id no. 3) is associated with the southern major spiral arm is at a distance of 23.8 kpc from the center in the northern part of galaxy. Some of the knots may have FUV emission from the surrounding molecular gas (H 2 ) which remains after star formation. This could be the reason why some of the knots are brighter in FUV and have larger sizes than in NUV.
We calculated the distance (r) and the de-projected distance (r ) from the center of NGC 2336 to the star formation region (Table A2 ). The de-projected distance (r ) is calculated using Eq. 2, depro jected distance, r = r
where r is the observed distance from the center of the galaxy, i is the inclination and θ is calculated from Eq. 3 which is the angle between the major axis and radial distance to the knot (Martin 1995; Gadotti et al. 2007; Honey et al. 2016 ).
The UV color (FUV-NUV) is calculated and plotted with r in Figure 16 . The knots that were not identified in both FUV and NUV images were removed before calculating the UV colors. The spatial distribution of UV color in the knots clearly appears bluer in the center and redder as the distance from the center increases, suggesting that star formation is stronger in the central regions (Hicks et al. 2010) . The distribution in Figure 16 also shows that the most of the knots in the ring are in the bluest region. The brightest star forming knot in both NUV and FUV (id no. 63) is associated with the northern major spiral arm and is at a distance of 11.6 kpc from the center in the western part of galaxy.
The UV colors can be used to estimate the age of the stellar population in the galaxy (Bianchi 2011) . We have used Leitherer et al. (1999) evolutionary models to estimate ages of star-forming knots in NGC 2336. We ran Starburst99 simulations to obtain the evolution models from Leitherer et al. (1999) . We set the parameters by assuming instantaneous star formation, Kroupa IMF (γ = 1.3, 2.3), the total mass of stars assumed is 10 6 M with mass range 1-100 M , and range of age of the models is 10 6 − 10 9 yr. We also ran Starburst99 with Salpeter IMF and different evolutionary tracks. We found that the result from Padova with IMF of Kroupa match well with our data. We used all possible values of metallicity (Z=0.0004, 0.004, 0.008, 0.020 and 0.050, where Z=0.020 equals solar abundance) in Padova to run the simulation. The model does not include nebular emission lines. We convolved the model spectrum with the UVIT filter curves to get the model UV fluxes. Figure 17 shows the distribution of observed colors of the star forming knots with the evolutionary tracks in different metallicities. The observed color of the knots is compared with the model values and best age of the knot defined by taking the age of the closest model data point. The average value of estimated age is 57.3 Myr. Most of the knots in the complete sample have age ≤ 70 Myr (68%). Figure 17 shows that fifteen knots are close to the evolutionary track with high metallicity of 2.5 Z , five knots are close to the evolutionary track with solar metallicity Z , thirteen knots are close to the evolutionary track with metallicity 0.4 Z , eleven knots are close to the evolutionary track with metallicity 0.2 Z , and thirteen knots are close to the evolutionary track with low metallicity 0.02 Z . We observed that there is no obvious correlation between age and position.
To estimate the masses of the knots, we have followed the method used in Hancock et al. (2003) , where they have determined the mass from the ratio of the observed FUV flux of the knot to the model FUV flux at the point where the best age is determined and multiplied with the mass of the model (10 6 M ). The average value of the estimated mass of the knot is 9.8 ×10 5 M and the median value of the total mass of the knots is 9.9 ×10 5 M . This result is similar to the average total mass of star-forming knots in NGC 3396 (Hancock et al. 2003) . The properties of the co-rotation ring is explained in the next section.
UV emission from the co-rotation ring
The co-rotation and nuclear rings play an important role in the secular evolution of galaxies (Kormendy & Kennicutt Jr 2004) . The nuclear rings in barred galaxies are sites of intense massive star formation and are produced by the infall of gas from large radii caused by the bar (Combes & Gerin 1985; Shlosman et al. 1990; Athanassoula 1992; Heller & Shlosman 1994; Knapen et al. 1995; Buta & Combes 1996) . The angular radius of the ring is 5.3 kpc (33.97 ) in B band (Gusev & Park 2003) , which is approximately equal to the bar semi-major axis (Boroson 1981; Gusev & Park 2003) . The angular radius in the bar is 35 − 37 (Boroson 1981; Wilke et al. 1999) . The radius of the star formation ring coincides with that of the molecular gas (H 2 ) ring (at 13.6 kpc) in the galaxy which indicates that star-forming regions are concentrated in the molecular ring of NGC 2336 (Gusev & Park 2003) . In this section, we investigate the star formation regions along the co-rotation ring in NGC 2336.
The UVIT images clearly show a ring of star-forming regions around the bar. We estimated the size of the ring by drawing two elliptical regions for inner and the outer rings ( Figure 18 ). For outer ring, the semi-minor axis, a = 26.7 (4.2 kpc) and semi-major axis, b = 36.1 (5.6 kpc), For the inner ring, a = 19.1 (2.9 kpc) and b = 26.9 (4.2 kpc). The approximate UV width of the ring is 8.6 (1.3 kpc). We calculated the flux within the co-rotation ring around the bar by subtracting the total counts of the inner elliptical region from the outer elliptical region in different filters (Table 4) . The co-rotation ring contributes 3 to 4% of the total UV flux of the galaxy. We identified 6 prominent star forming knots (Id: 26, 27, 28, 29, 30 , and 31) in NUV and 3 star forming knots (Id: 28, 29, 30) in FUV in the east-south direction of the ring (Table A1 and A2). We could not find any star forming knots in the north-west direction. The SFR of these knots is given in Table A1 and A2. Among 6 star forming knots in the ring, id no. 26 has a higher SFR with the FWHM of 1.6 (0.24 kpc) at a distance of 7 kpc. The star forming knots are not clustered at the bar ends but instead are distributed over one side of the co-rotation ring. Several well-developed spiral arms spring from this star-forming ring. In addition to the arms and co-rotation ring, we measured the SFR in the nucleus as explained in the next section. Figure 19 shows the UV emission from the nucleus of NGC 2336, which is not as bright in UV as the spiral arms. This galaxy hosts a Seyfert 2 type AGN. To explore the possible relationship between the AGN activity and massive star formation in the galaxy, we did aperture photometry of the central nuclear region of NGC 2336 in multiple UVIT observations. The aperture size of 7 (1.1 kpc) was used for aperture photometry. Figure 20 shows the radial profile of the nuclear region in the smoothed NUV image. The contribution of UV flux is 0.5 % in NUV and 0.2% in FUV to the total UV flux of the galaxy. The luminosity of the nuclear region is 1.5 ×10 41 erg/s in NUV and 7.5×10 40 erg/s in FUV. The SFR of the nuclear region is 1.5 ×10 −2 M /yr and 3.5 ×10 −3 M /yr in NUV and FUV respectively.
Nuclear emission
We have examined the variation of count rate over the total time of observation. We have used the narrow band filter F5 to check the variability. We could not find any significant variation in the count rate within 16 hrs of observations (Figure 21 ). This indicates that the AGN does not shows any short-term variability in UV flux.
Implications:
The deep, high-resolution UVIT FUV and NUV observations of the nearly face-on spiral galaxy NGC 2336 provides an excellent opportunity to study the association and distribution of star-forming knots along the spiral arms in a disk galaxy. As UV emission traces massive stars (FUV) as well as less massive B and A-type stars (NUV), it can give us a better idea of how star formation is triggered by the spiral arms compared to only Hα emission which traces only young O type stars that are about 10 6 years old. The distribution of knot sizes and colors can also reveal how the star formation is associated with the spiral arms and spurs.
The knots are nearly always found along the arms and only 4% are few found in the interarm regions. Therefore, star formation occurs nearly exclusively along the spiral arms as shown by earlier studies (e.g. Calzetti et al. 2005) . However, the FUV-NUV color of the knots becomes redder at larger radii in the disk, indicating the presence of more long-lived star-forming knots at larger radii. This may be due to the lower tidal shear in the outer radii, which allows the clusters to live longer than those at smaller radii.
The FWHM of the knot sizes is different in the FUV compared to the NUV images. The knot FWHM sizes are sharply peaked at 426 pc in FUV and at 345 pc in NUV but vary uniformly between 300 pc to 450 pc in NUV emission. This may be due to the fact that FUV traces only massive stars that are short-lived compared to those traced by NUV emission. The median value of the FWHM of the knots in the NUV image is 389 pc and in FUV it is 448 pc. We compared the size of knots in this galaxy with the size of star-forming regions reported in Kennicutt (1984) . They have reported the size of few well-known objects such as the diameter of the Orion nebula is 5 pc, Lagoon nebula(M8) is 25 pc, Rosetta nebula NGC 2244 is 50 pc, Carina complex (NGC3372) is 200 pc and 30 Doradus region in the Large Magellanic Cloud isâĹij400 pc. The giant H II region NGC 5471 in the Pinwheel galaxy M101 has diameter ofâĹij800 pc and NGC 604 in Triangulum galaxy M33 has a diameter ofâĹij400 pc. Thus the knots in NGC 2336 are likely giant HII regions similar to the observed NGC 5471 and NGC 604 (Kennicutt 1984) .
The spiral arms are also thicker in NUV compared to FUV. This is again due to the wider distribution of masses traced by NUV emission. Thus NUV emission may be a better tracer of spiral structure in galaxies, especially those with less ongoing massive star formation. The average age of the star forming knots is 57 Myrs which suggests that these knots are older than the HII regions such as Rosetta, M16, RCW 79 and RCW 36 (Tremblin et al. 2014) . The typical super star clusters have masses greater than 10 5 M Sternberg (1998). All the knots in NGC 2336 have masses greater than 10 5 M suggesting that they have masses similar to the masses of super star clusters.
CONCLUSIONS
A summary of the main conclusions drawn from this study is discussed below.
1. We have studied the morphology of NGC 2336 in FUV and NUV using UVIT and compared it with the optical, Hα and 2MASS K band images. The UV emission shows that there is widespread star formation over the galaxy but is most intense along the spiral arms and the corotation ring around the small, but distinct bar in the center of the galaxy.
2. Using the high spatial resolution of UVIT we have identified individual star forming regions or knots in the disk of the galaxy. We have identified 78 individual knots in NUV and 57 knots in FUV. Among them, 6 knots in NUV and 3 knots in FUV are from the co-rotation ring; the remaining knots are associated with the spiral arms and its branches in the disk of the galaxy. Most of the knots are on the spiral arms; only 3 knots are found in the interarm regions of the spiral structure. There are 29 loose knots and 49 tight knots in NUV, 17 loose knots and 40 tight knots in FUV.
3. We measured the integrated FUV and NUV fluxes, luminosities, sizes, star formation rates (SFRs) and FUV-NUV color of the individual knots. We also estimated the ages and masses of the knots using Leitherer et al. (1999) 4. The average value of the age of the star forming knots is 57.3 Myrs with the range of 14 to 100 Myrs. The comparison with models from Leitherer et al. (1999) indicates that almost all the knots have the age of ≤ 70 Myr. The youngest of the knots is about 14 Myr old and has a mass of approximately 1.1 ×10 6 M . The average mass of star forming knots is 9.75 ×10 5 M with the range of 5.57 ×10 5 to 1.1 ×10 6 M . All the star-forming knots have masses (>10 5 M ) similar to the mass of typical super star clusters.
5. We have traced the knot color with radial distance from the center of NGC 2336. We find that the star forming knots have bluer (FUV-NUV) colors near the center and become increasingly redder with larger radii. This suggests that the star formation is more intense in the inner disk compared to larger radii in the galaxy. This is not surprising as the effect of the spiral arms is stronger and the orbital time scales are shorter near the galaxy center. The tidal shear is also greater near the center and so clusters live longer at larger radii. This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation.
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